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The Preparation and Modified of Mesoporous ZSM-5 for Catalytic
Alcoholysis of Cellobiose
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Abstract?Mesoporous molecular sieve H–ZSM–5 was synthesized, by desilication and then?loaded with
stannic chloride (SnCl4·5H2O) by the impregnation method. The precursor was further treated using sulfuric
acid (1mol·L−1) to obtain the final catalysts, named, SO2−4 /Sn–ZSM–5. XRD, N2-adsorption SEM and the
X-ray energy spectrum were used to the characterizethe structure properties of the as-prepared catalysts. The
results showed that?SO2−4 /Sn–ZSM–5 catalyst still have abundant mesoporous structure and large specific
surface area (325.28 m2/g) after the impregnation and acid treatment. The SO2−4 /Sn–ZSM–5 was used in
the cellobiose alcoholysis reaction. The effects of temperature, reaction time and catalyst dosage on the total
sugar yield were investigated. The experimental results showed that the total sugar yield was up to 88%
under the optimal conditions where catalyst dosage 3.0mg, temperature 150˚C, pressure 3 MPa,and reaction
time 4 h. The results indicate that the SO2−4 /Sn–ZSM–5 is an excellent catalyst for catalytic alcoholysis of
cellobiose.
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1 ????
1.1 ??????
???ZSM–5????????????Desilication???????????NaOH?0.5 mol·L−1??
?40 mL???5.0 g ?ZSM–5 ????????????70˚C???1 h???????????120˚C
???8 h???Na–ZSM–5?????????NH4NO3?1 mol·L−1?????????1:100?80˚C??
?4 h???3???????????550˚C????5 h????????HZSM–5?????????
??????????????????????0.1 mol·L−1???HNO3??HZSM–5???????
??????[10−11]?????????????0.1 mol·L–1???????????1:100?65˚C ???
??6 h????????550˚C ????5 h??????????HZSM−5?
??????(SnCl4·5H2O) 1.0 g?????15 mL????????????HZSM-5 1.0 g????
????2mol·L−1?5????????15 h??60˚C???????2 h???????120˚C???12 h?
????????????SO2−4 /Sn–ZSM–5?????
1.2 ????
XRD???X?????Rigaku Ultima IV???????35 mA????40 kV?Cu–Kα????10
mm?????10˚/min?????2θ = 0˚?60˚?
??????????Tristar 3000???????????(??Micrometritics??)?????
?????SEM??X?????????????HITACHZ S-4800????????
1.3 ?????????
???????????????????100 mL?????????????????????
???3 MPa????DF–101S????????????????????????????????
???5 mL???????????????LC–2010A?????????????????????
????????50˚C???1 mL/min, ??????????210 nm?SC1011??
2 ?????
2.1 ????????
?1?????????HZSM–5(a)?????????SO2−4 /Sn–ZSM–5(b)?XRD ???????
?????HZSM–5(a)?XRD?????????????2θ?(8.3˚,9.2˚,14.9˚,23.2˚,24.2˚)
???????????????????HZSM–5???????????????SO2−4 /Sn–ZSM–5?b?
?XRD???????????????????????????????????HZSM–5?????
??????????[12−14]????????Sn2+????????????????????Sn2+?
???????HZSM–5??
2.2 ?????????????
?2?????????HZSM–5 (a)?????????SO2−4 /Sn–ZSM–5 (b)?N2???????
?BJH????????????????HZSM–5?????P/P0 =0.70∼0.95???????????
?????????????????HZSM–5?????????387.27 cm3·g−1????0.27 cm3·g−1??
? 4? ????????ZSM-5??????????????????? 431
??????????SO2−4 /Sn–ZSM–5?????????325.28 cm3·g−1????0.25 cm3·g−1?BJH?
????????????50 A˚∼200 A˚??????????????????110 A˚?120 A˚????
????SO2−4 /Sn–ZSM–5?????HZSM–5??????????Sn??????????????
????????????
? 1 HZSM–5 (a)?SO2−4 /Sn–ZSM–5 (b)?XRD??
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? 2 ?????HZSM–5(a)?SO2−4 /Sn–ZSM–5(b)?N2????????BJH?????????
2.3 ????SEM??
?3?????????HZSM-5(a)?????????SO2−4 /Sn-HZSM-5(b)?SEM ???????
?????HZSM-5??????????????????????1 µm?????????????
???????????????????????????????????????????Sn2+?
???????????????????????????????
2.4 ????????
?4?HZSM–5 (a)?SO2−4 /Sn–ZSM–5 (b)?X???????????O?Al?Si?Sn???????
????????HZSM–5????????????????Sn??????????????SO2−4 /Sn–
ZSM–5?
2.5 ????????????
2.5.1 ????????????
?????????20 mL????200 mg?????3.0 mg??????150˚C?????3 MPa?
????4 h??????????????????????1?
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? 3 HZSM-5(a)?SO2−4 /Sn-ZSM-5(b)?SEM?
? 4 HZSM–5 (a)?SO2−4 /Sn–ZSM–5 (b)?X?????
? 1 ??????????
Catalyst HZSM–5 SnCl4·5H2O Sn–ZSM–5 SO2−4 /Sn–ZSM–5
β−glucoside 19 25.1 24.5 32
α−glucoside 32 33.8 47.9 56.7
Covn. (%) 82.8 84.4 96.5 100
Yield (%) 51 58.9 72.4 88.7
conditions?cellobiose 200 mg; CH3OH 20 mL; catalyst 3.0 mg; N2 3 MPa; 150˚C; 4 h.
??1???????HZSM–5???????????????????????HZSM–5????
?(SnCl4·5H2O)????????????SO2−4 /Sn–ZSM–5???????????????????
??????????????????????SO2−4 /Sn–ZSM–5????????????????
?????
2.5.2 ????????
?????????20 mL????200 mg??????150˚C?????3 MPa?????4 h??
?SO2−4 /Sn–ZSM–5???????????????????2?
? 2 ????????
catalyst (mg) 1.0 2.0 3.0 4.0 5.0
β−glucoside 16.3 22.4 32 22 20.8
α−glucoside 34.6 37.4 56.7 37.3 34.8
Covn. (%) 83.5 100 100 100 100
Yield (%) 50.9 59.8 88.7 59.3 55.6
conditions?cellobiose 200mg; CH3OH 20 mL; N2 3 MPa; 150˚C; 4 h.
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??2?????????????????????????????????????????
???????3.0 mg????????????????????????????????????
???????????????????????????????????3.0 mg?
2.5.3 ???????
?????????20 mL????200 mg????SO2−4 /Sn–ZSM–5?3.0 mg?????3 MPa??
???4 h???????????????????????3?
? 3 ???????
Temperature(˚C) 110 130 150 160 180
β−glucoside 7.0 22 32 34.2 17.8
α−glucoside 18.8 43.9 56.7 32.4 26.7
Covn. (%) 46.4 94 100 100 100
Yield (%) 25.8 65.9 88.7 66.6 44.5
Conditions?cellobiose 200mg; CH3OH 20 mL; catalyst 3.0mg; N2 3 MPa; 4 h.
??3???????????????????????????????????????
?150˚C??????????????????????????????????????????
????????????????????????????150˚C?
2.5.4 ???????
?????????20 mL????200 mg?????3.0 mg??????150˚C?????3 MPa?
???????????????????????4?
? 4 ??????????
time(h) 1 2 4 6 8
β−glucoside 21.7 21.9 32 24.5 18.7
α−glucoside 39 38.4 56.7 41.7 29.3
Covn. (%) 98.4 100 100 100 100
Yield (%) 60.7 60.3 88.7 66.2 48
conditions?cellobiose200 mg?CH3OH 20 ml?catalyst 3.0 mg ?N2 3 MPa?150 ◦C.
??4?????????????????????????????????????????
?????????????????????????????????????4 h???????
?????????????????????????????????????????????
?????????????????????????????????4h?
3 ? ?
????????????HZSM–5??Sn2+??????????????SO2−4 /Sn–ZSM–5??
?????????????????????????????325.28 cm3·g−1????0.25 cm3·g−1?
???????115 A˚?????SO2−4 /Sn-ZSM-5?????????????????????????
????????????20 mL???????3.0 mg??????150◦C??????4 h??????
??????3 MPa???????????????88%?
?????
[1] Paivi M A, Arne H, Tapion S, et al. Recent progress in synthesis of fine and specialet chemicals from wood and other
biomass by heterogeneous catalytic processes [J].Catalysis Reviews, 2007, 49:197-340.
[2] Dhepe P L, Fukuoka A. Cellulose conversion under heterogeneous catalysis [J]. ChemSusChem, 2008, 1(12): 969-975.
[3] Fleming K, Gray D G, Matthews S. Cellulose crystallites[J].Chemistry-A European Journal, 2001, 7(9): 1831-1836.
434 ??????(?????) 2017?
[4] Huber G W, Iborra S, Corma S. Synthesis of transportation fuel from biomass chemistry catalysts and engineering [J].
Chemical Reviews, 2006, 106: 4044-4098.
[5] ???,???,???,?. Ru/CNT????????????????????[J].????, 2010, (10): 2579-2584.
[6] ??, ???, ???, ?. ?????????????????????[J]. ????, 2013, (4): 874-877.
[7] ???, ???, ???, ?. ?????????????????[J]. ????, 2014, (11): 1811-1817.
[8] ???, ???, ???, ?. ZSM–5????????????????[J]. ????, 2012, 26(2): 162-168.
[9] Laiqi Xue, Kang Cheng, Hongxi Zhang, et al. Mesoporous H–ZSM–5 as an ef?cient catalyst for conversions of cellulose and
cellobiose into methyl glucosides in methanol. [J]. Catalysis Today, 2016,274: 60-66.
[10] ???, ???, ??, ?.?????ZSM-5??????[J].????????(?????)?2013, 27(3): 14-17.
[11] Shan Xianglei, Cheng Zhenmin, Li Ying. Solvent Effects on Hydration of Cyclohexene over H–ZSM–5 Catalyst[J]. J
ChemEng Data, 2011, 56(12): 4310-4316.
[12] ???, ???, ???, ?. ZSM–5??????????[J]. ????????, 1981, 29(4): 517-519.
[13] ???, ???, ???, ?. ??????ZSM–5??????????????????[J]. ????, 2013, 33(2):
49-53.
[14] Serrano D P, Garcia R A, Linares M, et al. Influence of the Calcination Treatment on the Catalytic Properties of Hierarchical
ZSM–5[J]. Catal Today, 2012, 179(1): 91-101.
?????? ?
(??? 428?)
[2] ???, ???, ??, ?. ????KF-Al2O3??????????[J]. ???????, 2000 , 12(2) :186-188.
[3] ???, ???, ???, ?. ??????I[J]. ???????, 1998, 24 (2): 12213.
[4] ??????????????????.??????[M]. ??: ???????, 2004, 241-242.
[5] ????????????????. ??????:2?[M]. ??: ???????, 2002, 168-169.
[6] ???, ???, ???. ??????[M]. ??: ???????, 2000, 128-129.
[7] ???. ???????????[M]. ??: ???????, 2003, 207-208.
[8] ???, ???, ???. ??????????????[J]. ????, 2013, 41(3): 50-51.
[9] ???, ???, ???, ?. ???????????????[J]. ??????(?????), 2013, 12(1): 40-44.
[10] ???????????, ?. ??????????????????[J]. ?????, 2015, 18(3): 48-50.
[11] ???,???,???, ?. ?????????[J]. ???????, 2007, 19(5): 574-576.
[12] ???,???,???,?.???????????????[J].???????(?????), 2011, 29(6): 785-788.
[13] ???,???,???. ????????????????[J].????????2012, 28(2): 153-155.
[14] ???, ???. ????????????????[J]. ??????(?????), 2000, 20(1): 96-102.
[15] ???, ??,?????????:??“???”??3,4-????-2(1H)-(?)???????[J]. ?????????
????,2010, 27(2):132-135.
[16] ??, ???. ????????????????[J]. ????, 2002, 22(12): 1057-1059.
[17] ???, ???, ????????????????[J]. ????, 1998, 10(1): 63-73.
[18] ???, ???, ???, ?. ?????????????????[J]????????, 2007, 5(6): 107-108.
?????? ?
